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© This invention provides inter alia an in vitro process for producing multiple specific nucleic acid copies in 
which the copies are produced under isostatic conditions, e.g., temperature, buffer and ionic strength, and 
independently of any requirement for introducing an intermediate structure for producing the copies. In other 
aspects, the invention provides in vitro processes for producing multiple specific nucleic acid copies in which 
the products are substantially free of any primer-coded sequences, such sequences having been substantially or 
all removed from the product to regenerate a primer binding site, thereby allowing new priming events to occur 
and multiple nucleic acid copies to be produced. This invention further provides a promoter-independent, non- 
naturally occurring nucleic acid construct that produces a nucleic acid copy or copies without using or relying on 
any gene product that may be coded by the nucleic acid construct Another aspect of this invention concerns a 
protein-nucleic acid construct in the form of a conjugate linked variously, e.g., covalent linkage, complementary 
nucleic acid base-pairing, nucleic acid binding proteins, or ligand receptor binding. Further disclosed in this 
invention is an in vivo process for producing a specific nucleic acid in which such a protein-nucleic acid 
construct conjugate is introduced into a cell. A still further aspect of the invention relates to a construct 
comprising a host promoter, second promoter and DNA sequence uniquely located on the construct. The host 
transcribes a sequence in the construct coding for a different RNA polymerase which after translation is capable 
of recognizing its cognate promoter and transcribing from a DNA sequence of interest in the construct with the 
cognate promoter oriented such that it does not promote transcription from the construct of the different RNA 
polymerase. 
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1989, pages 225-228). As discussed in the latter, the Q£ replicase system is disadvantaged by non-specific 
amplification, that is, the amplification of non-hybridized probe material, which contributes to high back- 
grounds and low signal-to-noise ratios. Such attendent background significantly reduces probe amplification 
from its potential of a billion-fold amplification to something on the order of 10* (10,000 fold). In addition, the 
5 Q beta amplification procedure is a signal amplification - and not a target amplification. 

in vivo 

Literature covering the introduction of genes or antisense nucleic acids into a cell or organism is very 

70 extensive (Larrick, J.W. and Burck, K. Gene Therapy Elsevier Science Publishing Co., Inc, New York (1991); 
Murray, J.A.H. ed Antisense RNA and DNA, Wiley-Liss, Inc., New York (1992)). The biological function of 
these vectors generally requires inclusion of at least one host polymerase promoter. 

The present invention as it relates to in vitro and in vivo production of nucleic acids is based on novel 
processes, constructs and conjugates which overcome the complexity and limitations of the above- 

75 mentioned documents. 

The present invention provides an in vitro process for producing more than one copy of a specific 
nucleic acid in which the process is independent of any requirement for the introduction of an intermediate 
structure for the production of the specific nucleic acid. The process comprises three steps, including (a) 
providing a nucleic acid sample containing or suspected of containing the sequence of the specific nucleic 

20 acid; (b) contacting the sample with a three component reaction mixture; and (c) allowing the mixture to 
react under isostatic conditions of temperature, buffer and ionic strength, thereby producing more than one 
copy of the specific nucleic acid. The reaction mixture comprises: (i) nucleic acid precursors, (ii) one or 
more specific nucleic acid primers each of which is complementary to a distinct sequence of the specific 
nucleic acid, and (iii) an effective amount of a nucleic acid producing catalyst. 

25 In another aspect, the present invention provides an in vitro process for producing more than one copy 
of a specific nucleic acid in which the products are substantially free of any primer-coded sequences. Such 
a process comprises the following steps, including (a) providing a nucleic acid sample containing or 
suspected of containing the sequence of the specific nucleic acid; (b) contacting the sample with a three 
component mixture (the mixture comprising (i) nucleic acid precursors, (ii) one or more specific poly- 

30 nucleotide primers comprising at least one ribonucleic acid segment each of which primer is substantially 
complementary to a distinct sequence of the specific nucleic acid, and (iii) an effective amount of a nucleic 
acid producing catalyst); and (c) allowing the mixture to react under isostatic conditions of temperature, 
buffer and ionic strength, thereby producing at least one copy of the specific nucleic acid; and (d) removing 
substantially or all primer-coded sequences from the product produced in step (c). By removing such 

35 sequences, a primer binding site is regenerated, thereby allowing a new priming event to occur and 
producing more than one copy of the specific nucleic acid. 

The present invention also provides an in vitro process for producing more than one copy of a specific 
nucleic acid in which the products are substantially free of any primer-coded sequences. In the steps of this 
process, said process comprising a nucleic acid sample containing or suspected of containing the 

40 sequence of the specific nucleic acid is provided, and contacted with a reaction mixture. The mixture 
comprises (i) unmodified nucleic acid precursors, (ii) one or more specific chemically-modified primers each 
of which primer is substantially complementary to a distinct sequence of said specific nucleic acid, and (iii) 
an effective amount of a nucleic acid producing catalyst. The mixture thus contacted is allowed to react 
under isostatic conditions of temperature, buffer and ionic strength, thereby producing at least one copy of 

45 the specific nucleic acid. In a further step, substantially or all primer-coded sequences from the product 
produced in the reacting step is removed to regenerate a primer binding site. The regeneration of a primer 
binding site thereby allows a new priming event to occur and the production of more than one copy of said 
specific nucleic acid. 

An additional provision of the present invention is an in vitro process for producing more than one copy 
so of a specific nucleic acid in which the products are substantially free of any primer-coded sequences. In 
this instance, the process comprises the steps of: (a) providing a nucleic acid sample containing or 
suspected of containing the sequence of the specific nucleic acid; and (b) contacting the sample with a 
reaction mixture (the mixture comprising (i) unmodified nucleic acid precursors, (ii) one or more specific 
unmodified primers comprising at least segment each of which primer comprises at least one non- 
55 complementary sequence to a distinct sequence of the specific nucleic acid, such that upon hybridization to 
the specific nucleic acid, at least one loop structure is formed, and (iii) an effective amount of a nucleic acid 
producing catalyst). The mixture so formed is allowed to react in step (c) under isostatic conditions of 
temperature, buffer and ionic strength, thereby producing at least one copy of the specific nucleic acid; 
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The present invention describes novel methods and constructs for production of multiple copies of 
specific nucleic acid sequences in vitro and in vivo 

One aspect of this invention represents an in vitro process for the production of more than one copy of 
nucleic acid from specific target nucleic acid (either DNA or RNA) sequences utilizing a biological catalyst, 

5 e.g., a DNA polymerase, primer oligonucleotides complementary to sequences (primer sites) in the target 
nucieic acid. The production process can proceed in the presence of a large excess of other nucleic acids 
and does not require thermal cycling or the introduction of specific intermediate constructs such as 
promoters or assymetric restriction sites, etc. 

More particularly, this invention provides an in vitro process for producing more than one copy of a 

70 specific nucleic acid, the process being independent of a requirement for the introduction of an intermediate 
structure for the production of any such specific nucleic acid. The in vitro production process comprises 
the steps of: (a) providing a nucleic acid sample containing or suspected of containing the sequence of the 
specific nucleic acid; (b) contacting the sample with a three component mixture; and (c) allowing the thus- 
contacted mixture to react under isostatic conditions of temperature, buffer and ionic strength, thereby 

;s producing more than one copy of the specific nucleic acid. The three component mixture just alluded will 
generally comprise (i) nucleic acid precursors, (ii) one or more specific nucleic acid primers each of which 
is complementary to a distinct sequence of the specific nucleic acid, and (iii) an effective amount of a 
nucleic acid producing catalyst. In other aspects, the specific nucleic acid may be single-stranded or 
double-stranded, and may take the form of deoxyribonucleic acid, ribonucleic acid, a DNA. RNA hybrid or a 

20 polymer capable of acting as a template for a nucleic acid polymerizing catalyst. 

In addition, the specific nucleic acid can be in solution in which case the above-described in vitro 
process may further comprise the step of treating the specific nucleic acid with a blunt-end promoting 
restriction enzyme. Further, isolation or purification procedures can be employed to enrich the specific 
nucleic acid. Such procedures are well-known in the art, and may be carried out on the specific nucleic acid 

25 prior to the contacting step (b) or the reacting step (c). One means of isolation or purification of a nucleic 
acid involves its immobilization, for example, by sandwich hybridization (Ranki et al., 1983), or sandwich 
capture. Particularly significant in the latter methodology is the disclosure of Engelhardt and Rabbani, U.S. 
Patent Application Serial No. 07/968,706, filed on October 30, 1992, entitled "Capture Sandwich Hybridiza- 
tion Method and Composition," now allowed, that was published as European Patent Application Publication 

30 No. 0 159 719 A2 on October 30, 1985. The contents of the foregoing U.S. patent application is 
incorporated herein by reference. 

The target nucleic can be be present in a variety of sources. For purposes of disease diagnosis these 
would include blood, pus, feces, urine, sputum, synovial fluid, cerebral spinal fluid, cells, tissues, and other 
sources. The production process can be performed on target nucleic that is present in samples which are 

35 free of interfering substances, or the production process can be performed on target nucleic acid separated 
from the sample. The nucleic acid can be in solution or bound to a solid support. While the replication 
process can be carried out in the presence of nonrelevant nucleic acids, certain applications may require 
prior separation of the target sequences. Methods such as sandwich hybridization or sandwich capture 
referenced above can then be applied to immobilize target sequences. In such instances where sandwich 

40 hybridization or sandwich capture is carried out, the above-described in vitro process may further comprise 
the step of releasing the captured nucleic acid, e.g., by means of a restriction enzyme. 

As described above, the target sequence need not be limited to a double-stranded DNA molecule. 
Target molecules could also be single stranded DNA or RNA. For example, replication of a single-stranded 
target DNA could proceed using primers complementary to both the single-stranded DNA target and to the 

45 produced complementary sequence. Following the initial synthesis of the complementary sequence DNA, 
production from this strand would begin. RNA can serve as the template using a DNA polymerase I, e.g., 
Klenow, which can reverse transcribe under conditions that have been described (Karkas, J.D. et al. t Proc 
Nat Acad Sci U.S.A. 69:398-402 (1972)). 

In case the target nucleic acid is double stranded, a restriction digest or sonication, partial en- 

50 donuclease treatment or denaturation could be employed for the preparation of the target nucleic acid 
before the onset of amplification. 

An aspect of this invention concerns its use in determining whether a specific target nucleic acid was 
derived from a living or a deceased organism. To make such a determination, one could in parallel amplify 
and detect the presence of a specific target DNA or a specific target RNA associated with the genomic 

55 makeup of the organism; and thereafter amplify and detect the presence of a specific RNA target 
associated to the biological function (living function) of the organism which does not survive if the organism 
is deceased. 
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polymerase, and polymerases derived from thermophilic bacteria, such as Thermus aquaticus . The latter 
polymerase are known for their high temperature insensitivity, and include, for example, the Taq DNA 
polymerase I. A thermostable Taq DNA polymerase is disclosed in Gelfand et al., U.S. Patent No. 
4,889,818. Preferred as a polymerizing agent in the present invention is the Taq DNA Polymerase I. Many if 

5 not all of the foregoing examples of polymerizing agents are available commercially from a number of 
sources, e.g., Boehringer-Mannheim (Indianapolis, IND). Particularly suitable as nucleic acid producing 
catalysts are DNA polymerase and reverse transcriptase, or both. As used herein, "the effective amount" of 
the nucleic acid producing catalyst is an art-recognized term reflecting that amount of the catalyst which will 
allow for polymerization to occur in accordance with the present invention. 

w Since the rate and extent of hybridization of the primers is dependent upon the standard conditions of 
hybridization (Wetmur, J.G. and Davidson, N. J., Mol. Biol. 31:349 (1968)), the concentration and nucleotide 
sequence complexity of the total primers added to the reaction mixture will directly affect the rate at which 
they hybridize and accordingly the extent to which they will initiate nucleic acid synthesis. In addition, if the 
reaction is run under conditions where the guanosine triphosphate is replaced by inosine triphosphate or 

15 other modified nucleoside triphosphates such that the presence of this modified nucleotide in the product 
nucleic acid would lower the melting temperature of the product:template double helix, then at any given 
temperature of the reaction the extent of breathing of the double helix will be increased and the extent of 
binding of the primers to the target strand will be enhanced. 

Furthermore, primers could displace the strands at the ends of the double stranded target and hybridize 

20 with one of the two strands and, this displacement hybridization reaction (or D loop formation reaction) is 
favored by adding more than one primer molecule. In general, as the total amount of the sequence 
complexity of the primers complementary to the target nucleic acid is increased a greater nucleic acid 
production is obtained (see Example 3 below). 

Modification of the primers could either increase or decrease the binding of primer to the target at a 

25 given pH, temperature and ionic strength, in other words, at isostatic conditions of pH, temperature and 
ionic strength, e.g., ionic salt. Other primer modifications can be employed which would facilitate poly- 
merization from the primer sites, even when the initiation site is within a double helix. For example, once an 
oligo primer is introduced into a target double stranded nucleic acid molecule, if such an oligo primer is 
modified with ethtdium or any moiety that increases the melting temperature of the double stranded 

30 structure formed by the oligo and a target nucleic acid, it forms a relatively more stable single stranded 
structure because of the nucleotide modifications. This produces a primer initiation site. In fact, the nucleic 
acid precursors or the specific primers (or both) can be modified by at least one intercalating agent, such 
as ethidium, in which case it may be useful to carry out an additional step (d) of detecting any product 
produced in step (c), as set forth above. In such a step where desirable, detection can be carried out by 

35 means of incorporating into the product a labeled primer, a labeled precursor, or a combination thereof. 

Another additional aspect of the in vitro process, above-described, is the inclusion of a further step of 
regenerating one or more specific nucleic acid primers, as described elsewhere in this disclosure, including 
immediately below. 

As described in the summary of this invention, an in vitro process for multiple nucleic acid production 
40 is provided in which the products are substantially free of any primer-coded sequences. In such process, 
the removing step (d) is carried out by digestion with an enzyme, e.g., ribonuclease H. In one aspect of this 
invention, the nucleic acid precursors are modified or unmodified in the instance where one or more 
specific polynucleotide primers are used, the primers comprising at least one ribonucleic acid segment and 
wherein each primer is substantially complementary to a distinct sequence of the specific nucleic acid. 
45 Thus, the specific polynucleotide primers may further comprise deoxyribonucleic acid. In another feature of 
this particular in vitro process, the specific polynucleotide primers contain a 3'-hydroxyl group or an isoteric 
configuration of heteroatoms, e.g., nitrogen, sulfur, or both. In addition, the polynucleotide primers in this' 
instance may further comprise from about 1 to about 200 noncomplementary nucleotide or nucleotide 
analogs. 

so In yet a further in vitro process for producing more than one copy of a specific nucleic acid is provided 
{as described in the summary), the products being substantially free of any primer-coded sequences. In this 
instance, unmodified nucleic acid precursors are reacted in a mixture with one or more chemically-modified 
primers each of which is substantially complementary to a distinct sequence of the specific nucleic acid. An 
effective amount of a nucleic acid producing catalyst is also provided in the mixture. As in the case of the 

55 last-described in vitro process, the removing step (d) may be carried out by digestion with an enzyme, e.g., 
ribonuclease H. The specific chemically modified primers are selected, for example, from ribonucleic acid, 
deoxyribonucleic acid, a DNA.RNA copolymer, and a polymer capable of hybridizing or forming a base- 
specific pairing complex and initiating nucleic acid polymerization, or a combination of any of the foregoing. 
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published on August 12, 1987); the supplementation of the oligo with certain proteins that stabilize the 
double helix and any other treatment or procedure or the addition of any other adduct that serves to 
stabilize the portion of the double helix with the 'helper' bound or to increase the melting temperature of 
portion of the double helix with the 'helper' bound. 

5 

in vivo Synthesis of Nucleic Acid 

This invention describes a casette or nucleic acid construct into which any nucleic acid sequence can 
be inserted and which can be used as a template for the production of more than one copy of the specific 

10 sequence. This cassette is a nucleic acid construct containing a sequence of interest, which within or 
present within, the cell produces nucleic acid product which is independent or only partially dependent on 
the host system. The cassette or nucleic acid construct may be characterized as a promoter-independent 
non-naturally occurring, and in one embodiment comprises double-stranded and single-stranded nucleic 
acid regions. This construct contains a region in which a portion of the opposite strands are not 

T5 substantially complementary, e.g., a bubble (even comprising at least one polyT sequence), or loop, or the 
construct comprises at least one single-stranded region. The construct is composed of naturally occurring 
nucleotides or chemically modified nucleotides or a synthetic polymer in part or a combination thereof. 
These structures are designed to provide binding of polymerizing enzymes or primers and the modifications 
provide for nuclease resistance or facilitate uptake by the target cell. 

20 Referring to the constructs (A-F) depicted in Figure 3, the single stranded regions described in the 
constructs will contain coding sequences for nucleic acid primers present in the cell to facilitate initiation 
points of DNA polymerase in said cell. In the case of RNA polymerase, these constructs constitute promotor 
independent binding and initiation of RNA polymerase reaction. These constructs can be used in vitro and 
in vivo for production of nucleic acids. The position of the single stranded region adjacent to the double 

25 stranded specific sequence would provide a specific and consistent transcription of these specific se- 
quences, both in vitro and in vivo independent of promotor. The replication (DNA) or transcription (RNA) 
products of these constructs can be single stranded nucleic acid which could have a sense or antisense 
function or could be double stranded nucleic acid. 

In Figure 13(A), a large bubble is located in the construct. In Figure 13(B), the two strands are 

30 noncomplementary at their ends, and thus do not form a bubble. In Figure 13(C), a double bubble is formed 
due to noncomplementarity at both ends. In Figure 1 3(D), a single-stranded region is shown in the middle of 
the construct leading to a partially single-stranded region (and no bubble formation). Figure 13(E) depicts a 
bubble at one end of the construct (compare with the two bubbles in the construct shown in Figure 13(C)). 
In Figure 13(F), a single bubble in the middle of the construct is shown. It should be readily appreciated by 

35 those skilled in this art that the above-depicted embodiments are representative embodiments not intended 
to be limiting, particularly in light of the present disclosure. 

in vivo these constructs, with a specific primer present in the cell can initiate nucleic acid synthesis. 
When these primers are RNA, after initiation of nucleic acid synthesis, they can be removed by the action 
of ribonuclease H, thus vacating the primer binding sequence and allowing other primer molecules to bind 

40 and reinitiate synthesis. The cellular nucleic acid synthesizing enzymes can use these constructs to 
produce copies of a specific nucleic acid from the construct. Shown in Figure 14 (A-F) are corresponding 
illustrations of the constructs in Figure 1 3 (A-F), except that the production arrows (points and directions) 
are indicated. 

These constructs could contain more than one specific nucleic acid sequence which in turn could 
45 produce more than one copy of each specific nucleic acid sequence. If two independent nucleic acid 
products are complementary, then they could hybridize and form muliple copies of a new double stranded 
construct that could have the properties of the novel construct. Furthermore they could contain promotor 
sites such as the host promotor therefore serving as an independent nucleic acid production source (the 
progeny). 

50 
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Cloning Site in Production Constructs 



Other processes within the invention herein described apply to the production of more than one copy of 
functional genes or antisense DNA or RNA in target cells. 

75 

Production of Primers 

Primers can be produced by several methods. Single-stranded oligonucleotides in the range from 
between from about 5 to about 100 bases long, and preferably between from about 10 to about 40, and 

20 more preferably, between from about 8 to about 20 nucleotides. These ranges may further vary with 
optimally between from about 13 to about 30 for bacterial nucleic acid, and optimally between from about 
17 to about 35 for eukaryote nucleotides would appear to be appropriate for most applications although it 
may be desirable in some or numerous instances to vary the length of the primers. Oligonucleotide primers 
can be most conveniently produced by automated chemical methods. In this way modified bases can be 

25 introduced. Manual methods can be used and may in some cases be used in combination with automated 
methods- Ail of these methods and automation are known and available in the art. 

In addition nucleic acid primers can be produced readily by the action of T7 RNA polymerase, T3 
polymerase, SP6 polymerase or any appropriate DNA or RNA polymerase on DNA templates or RNA 
templates containing the primer sequences extended from the corresponding RNA polymerase promoter 

30 sites or other nucleic acid synthesis start signals. 

Detection of Products 

DNA produced by the invention described herein can be detected by a variety of hybridization methods 

35 using homogeneous or non-homogeneous assays. DNA produced in tissues or cells, i.e., in situ, can be 
detected by any of the practiced methods for in situ hybridization. These include, but are not limited to, 
hybridization of the produced DNA with a nucleic acid probe labeled with a suitable chemical moiety, such 
as biotin. Probes used for the detection of produced DNA can be labeled with a variety of chemical 
moieties other than biotin. These include but are not limited to fluorescein, dinitrophenol, ethidium (see, for 

40 example, the disclosures of U.S. Patent Nos. 4,711,955; 5,241,060; and 4,707,440, supra). 

The hybridized, labeled nucleic acid probe can be detected by a variety of means. These include but 
are not limited to reaction with complexes composed of biotin binding proteins, such as avidin or 
streptavidin, and color generating enzymes, such as horseradish peroxidase or alkaline phosphatase, which, 
in the presence of appropriate substrates and chromogens, yield colored products. 

45 In accordance with this invention, DNA production from target sequences generally requires nucleic 
acid precursors, e.g., adenosine triphosphate, guanosine triphosphate, thymidine triphosphate and cytosine 
triphosphate, present in sufficient quantity and concentration in the reaction mixture. In other applications it 
may be advantageous to substitute one or more of the natural precursors with modified nucleotides. For 
example, when the invention described herein is being applied to the detection of specific nucleic acid 

so sequences, immobilization of the produced DNA may be desirable. In such an instance, substitution of one 
or more of the natural nucleotide triphosphate precursors with a modified nucleotide, e.g., biotinylated 
deoxyuridine triphosphate, in place of thymidine triphosphate, would yield biotin-labeled DNA. The pro- 
duced DNA could be separated by its affinity for a biotin binding protein, such as avidin, streptavidin or an 
anti-biotin antibody. A variety of nucleoside triphosphate precursors (U.S. Patent Nos. 4,711,955; 5,241,060; 

55 and 4,707,440, supra) labeled with chemical moieties which include, but are not limited to, dinitrophenol 
and fluorescein, and which can be bound by corresponding antibodies or by other binding proteins can be 
used in this manner. In other aspects of the invention, the produced DNA can be isotopically labeled by the 
inclusion of isotopically labeled deoxynucleotide precursors in the reaction mixture. 
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(a) Direct Attachment of a Polymerase to the Construct 
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sequence. (See Figure 3 (C)). 

Referring to the constructs or cassettes shown in Figure 4 (A-C), these can be derived by using 
standard recombinant DNA techniques. The appropriate piece of DNA can be isolated and covalently 
attached to the RNA polymerase under conditions whereby the RNA polymerase functions after being 

5 covalently attached to a solid matrix (Cook, P.R and Grove, F. Nuc. Acids Res, 20:3591-3598 (1992)). 
Methods of modifying the ends of DNA molecules for attachment of chemical moieties are well known (see, 
for example, U.S. Patent Application Serial No. 08/032,769, supra). The transcribed product can act per se 
as sense or antisense RNA or it can be translated into protein. The enzyme and/or nucleic acid constructs 
could be modified to facilitate transport and/or achieve resistance to degrading enzymes (U.S. Patent No. 

w 5,241,060, supra). 

(b) In vivo Amplification of Transcription 

Constructs can be made that are dependent upon transcription or replication using a host polymerase. 

75 When such a construct contains a double promotor, the second promotor can be different than the first 
promotor or it can be a stronger^ weaker version of the first promotor. Vectors can be chosen such that 
the constructs can either integrate into the chromosome, replicate autosomally or be replication-deficient 
and function only for transient expression. They can function in the nucleus or the cytoplasm if the target 
cell is eukaryotic. The figure below depicts various constructs or cassettes and is not limiting as to the 

20 possible variations contemplated by the present invention. 

Referring to Figure 4 (A), the nucleic acid construct or cassette depicted in this figure contains a 
promotor that codes for the production of a polymerase that is not endogenous to the target cell. For 
example, an SV40 or RNA polymerase III promotor that codes for a T 7 RNA polymerase. Transcription and 
translation of these transcripts by cellular machinery results in the production of active T 7 RNA polymerase 

25 which will utilize the T 7 promotor to transcribe the target sequence (Fuerst, T.R. et al., Proc Nat Acad Sci 
USA 83:8122 (1986)) have shown high levels of transient expression using a dual construct system with the 
T 7 RNA polymerase gene on one construct and the target gene behind the T 7 promotor on the other 
construct. The simplest iteration of this construct is that the genes coding for the polymerase code for a 
polymerase that exists within the cell and therefore is not recognized by the host organism as a foreign 

30 protein and does not induce an immune response. 

In Figure 4 (B), an additional autocatalytic cycle has been added whereby the extent of transcription of 
the target gene is enhanced by the production of T 7 RNA polymerase throughout the transient expression 
cycle. 

In Figure 4 (C), the construct or cassette is similar to Figure 4 (B) with the additional element that there 
35 is a down regulation of the autocatalytic cascade by competition by a high efficiency promotor with a low 
efficiency transcriptional promotor. 

Three Constructs with Promotors for Endogenous RNA Polymerase 

40 As described in the summary, the present invention further provides a construct comprising a host 
promoter located on the construct such that the host transcribes a sequence in the construct coding for a 
different RNA polymerase which after translation is capable of recognizing its cognate promoter and 
transcribing from a DNA sequence of interest in the construct with the cognate promoter oriented such that 
it does not promote transcription from the construct of the different RNA polymerase. In one feature of this 

45 construct, the host promoter comprises a prokaryotic promoter, e.g., RNA polymerase, or eukaryotic 
promoter, e.g., Pol I, Pol II, Pol III, or combinations thereof, such prokaryotic or eukaryotic promoter being 
located upstream from the host promoter. The second RNA polymerase may be selected from various 
members, including T7, T3 and SP6, or combinations thereof. The DNA sequence of interest may comprise 
sense or antisense, or both, or it may comprise DNA or RNA, or still yet, it may encode a protein. The 

so construct may further comprise at least one chemically modified nucleotide. 

Additionally, promotors that will be read by polymerases within the target ceil can be linked to the 
production of additional polymerase specific for that promotor or other promotors. The polymerases can be 
for example, T7 polymerase, RNA polymerase III, or any other polymerase. A second promotor keyed 
sequence can be in the construct such that a second polynucleotide can be synthesized from the construct. 

55 It can code for the production of antisense or sense RNA or DNA molecules. These constructs or cassettes 
can be created using standard recombinant DNA techniques. 

The property and structure of all nucleic acid constructs provided in accordance with this invention is 
applicable to each other in combination, in toto or in part. That is to say, in the conjugate comprising a 
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22. The process of item 21 wherein said specific nucleic acid primers further comprise from about 1 to 
about 200 noncomplementary nucleotide or nucleotide analogs. 

23. The process of item 22 wherein said noncomplementary nucleotide or nucleotide analogs in said 
specific nucleic acid primers comprise from about 5 to about 20 nucleotides. 

5 24. The process of item 21 wherein said noncomplementary base sequence or sequences are linked 
together by other than a phosphodiester bond. 

25. The process A wherein said nucleic acid producing catalyst is selected from DNA polymerase and 
reverse transcriptase, or both. 

26. The process A wherein said nucleic precursors or said specific primers or both are modified by at 
w least one intercalating agent. 

27. The process A further comprising the step (d) of detecting the product produced in step (c). 

28. The process of item 27 wherein said detecting step (d) is carried out by means of incorporating into 
the product a labeled primer, a labeled precursor, or a combination thereof. 

29. The process A further comprising the step of regenerating said one or more specific nucleic acid 
75 primers. 

Another subject matter of the invention is process B which is an in vitro process for producing more 
than one copy of a specific nucleic acid, said products being substantially free of any primer-coded 
sequences, said process comprising the steps of: 

(a) providing a nucleic acid sample containing or suspected of containing the sequence of said specific 
20 nucleic acid; 

(b) contacting said sample with a mixture comprising: 

(i) nucleic acid precursors, 

(ii) one or more specific polynucleotide primers comprising at least one ribonucleic acid segment 
each of which primer is substantially complementary to a distinct sequence of said specific nucleic 

25 acid, and 

(iii) an effective amount of a nucleic acid producing catalyst; and 

(c) allowing said mixture to react under isostatic conditions of temperature, buffer and ionic strength, 
thereby producing at least one copy of said specific nucleic acid; and 

(d) removing substantially or all primer-coded sequences from the product produced in step (c) to 
30 regenerate a primer binding site, thereby allowing a new priming event to occur and producing more 

than one copy of said specific nucleic acid. 
Specific embodiments of this process B are the following items: 

1 . The process B wherein said step (d) removing is carried by digestion with an enzyme. 

2. The process of item 1 wherein said enzyme comprises ribonuclease H. 

35 3. The process B wherein said nucleic acid precursors are modified or unmodified. 

4. The process B wherein said specific polynucleotide primers further comprise deoxyribonucleic acid. 

5. The process B wherein said specific polynucleotide primers contain a 3'-hydroxyl group or an isosteric 
configuration of heteroatoms. 

6. The process of item 5 wherein said heteroatoms are selected from nitrogen, sulfur, or both. 

40 7. The process B wherein said specific polynucleotide primers further comprise from about 1 to about 
200 noncomplementary nucleotide or nucleotide analogs. 

A further subject matter of the present invention is process C which is an in vitro process for producing 
more than one copy of a specific nucleic acid, said products being substantially free of any primer-coded 
sequences, said process comprising the steps of: 
45 (a) providing a nucleic acid sample containing or suspected of containing the sequence of said specific 
nucleic acid; 

(b) contacting said sample with a mixture comprising: 

(i) unmodified nucleic acid precursors, 

(ii) one or more specific chemically-modified primers each of which primer is substantially com- 
50 plementary to a distinct sequence of said specific nucleic acid, and 

(iii) an effective amount of a nucleic acid producing catalyst; and 

(c) allowing said mixture to react under isostatic conditions of temperature, buffer and ionic strength, 
thereby producing at least one copy of said specific nucleic acid; and 

(d) removing substantially or all primer-coded sequences from the product produced in step (c) to 
55 regenerate a primer binding site, thereby allowing a new priming event to occur and producing more 

than one copy of said specific nucleic acid. 
Specific embodiments of process C are the following items: 

1 . The process C wherein said step (d) removing is carried by digestion with an enzyme. 



15 



EP 0 667 393 A2 



20 



25 



35 



40 



50 



55 



» „ d ™ cteosl<te «„his ,r'? a p,i ™ ,s ~ «*" < * 

Specific embodiments of process D *r« «L f ., . 
1. The process D wherein sTd So Jrem' f0 "° W,n9 items: 

2- The process of item 1 Zr^sVZlZ^ " M * With an en ™ 

3- The process D wherein ^aid sn<v-T^ comprises ribonuclease H. * 
deoxyribonucleic acid, a Z^2£%J^,^ are «**d from ribonucleic acid 
pairing comp, and 

~ T ^^r^trSoS.^ fUrth6 ' — *"» ^ 1 * about 200 
r Cuc^^^ whjch is a promoter-independent no,natura„y 

any gene product coded by said construct ' " * Ce " Pr ° duces a « acid without tie use "f 

2- The construct A wh^rein^^^ 

DNA.RNA copolymer, or a polymer c^te ofh Th-' 5 * 8 deo ^ ribo "^leic acid, ribonucleic acid a 
and initiating nucleic acid polymenii^ * °< * base-specific p^^' 

5. The construct of iwV k single-stranded region. 

»«Wc add p,e SM1 in m , M „; sa ' d "«* »mp„ ses „ teast „„, ^ ^ 



16 



EP 0 667 393 A2 



1. The conjugate wherein said protein comprises an RNA polymerase or a subunit thereof and the 
nucleic acid construct contains the corresponding RNA polymerase promoter. 

2. The conjugate of item 1 wherein said RNA polymerase is selected from T7, T3 and SP6, or a 
combination of any of the foregoing. 

5 3. The conjugate wherein said protein comprises DNA polymerase or reverse transcriptase and said 
nucleic acid construct contains at least one sequence complementary to an RNA molecule. 

4. The conjugate wherein said nucleic acid construct is double-stranded, single-stranded, or partially 
single-stranded. 

5. The conjugate wherein said nucleic acid construct comprises at least one chemically modified 
70 nucleotide or nucleotide analog. 

6. The conjugate wherein said protein is linked to said nucleic acid construct by means of a covalent 
linkage. 

7. The conjugate wherein said protein is linked to said nucleic acid construct by means of base-pairing of 
complementary nucleic acid sequences. 

75 8. The conjugate wherein said protein is linked to said nucleic acid construct by means of a nucleic acid 
binding protein. 

9. The conjugate of item 8 wherein said nucleic acid binding protein comprises a repressor protein 
bound to an enzyme. 

10. The conjugate wherein said protein is linked to said nucleic acid construct by means of ligand 
20 receptor binding. 

11. The conjugate wherein the nucleic acid produced is deoxyribonucleic acid, ribonucleic acid, or a 
combination thereof. 

12. The conjugate wherein the nucleic acid produced is sense or antisense, or both. 

A further emobidment of the invention is process E which is an in vivo process for producing a specific 
25 nucleic acid, said process comprising the steps of: 

(a) providing a conjugate comprising a protein-nucleic acid construct, said conjugate being capable of 
producing a nucleic acid when present in a cell; and 

(b) introducing said conjugate into a cell, thereby producing said specific nucleic acid. 
Specific embodiments of process E are the following items: 

30 1 . The process E wherein said construct comprises at least one promoter. 

2. The process E wherein said construct comprises at least one complementary sequence to a primer 
present in the cell. 

3. The process E wherein said nucleic acid construct codes for the protein in said conjugate. 

4. The process E wherein said nucleic acid construct codes for a protein other than the protein in said 
35 conjugate. 

5. The process of item 4 wherein said other protein comprises a nucleic acid polymerase. 

6. The process of item 5 wherein said polymerase comprises an RNA polymerase and said nucleic acid 
construct comprises a promoter for said RNA polymerase. 

7. The process of item 5 wherein said polymerase comprises a DNA polymerase or reverse transcrip- 
40 tase. 

A further embodiment of the invention is construct B which is a construct comprising a host promoter 
located on the construct such that the host transcribes a sequence in the construct coding for a different 
RNA polymerase which after translation is capable of recognizing its cognate promoter and transcribing 
from a DNA sequence of interest in the construct with said cognate promoter oriented such that it does not 
45 promote transcription from the construct of said different RNA polymerase. 

Specific embodiments of the construct B of the invention are the following items: 

1 . The construct B wherein said host promoter comprises a prokaryotic or eukaryotic promoter upstream 
from the host promoter. 

2. The construct B wherein said host promoter and the promoter for the second RNA polymerase are 
so located on opposite strands. 

3. The construct of item 1 wherein said prokaryotic promoter comprises a RNA polymerase. 

4. The construct of item 1 wherein said eukaryotic promoter is selected from Pol I, Pol II and Pol III, or a 
combination of any of the foregoing. 

5. The construct B wherein said second RNA polymerase is selected from T7, T3 and SP6, or a 
55 combination of any of the foregoing. 

6. The construct B wherein said DNA sequence of interest comprises sense or antisense, or both. 

7. The construct B wherein said DNA sequence of interest comprises deoxyribonucleic acid or 
ribonucleic acid. 
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EXAMPLES 



Example 1 

to Primers 



75 



20 



syntLiid° f ,W6nty Sin9 ' e StrandGd '-tide primers, fifteen nuclides long, were chemica„ y 

at bii s jr^sss s c ?stiEL^ 6 t? °; d M13mp18 rep,ica,ive form (rf) — 

second set of 10 primers contained sequences Welti tn » ? SUCC6Ssive primers " Th « 

starting at base 35! and extending to ^8^^ to -T,T KfMtM Ml3mp18 pha 9 e 9™»» 
primers. There is a comptem6 n M?c?6^1L^ ( J!S nUC ' e ° tide 93PS SGparatin 9 successive 
0.08M NaCI and 45'C these primer TwiH ZT^T^^ !! Q t"™*' but * l0nic con centration of 
shown in Figure 6 hybndlZe ,0 each other The sequences of the primers are 



ARRANGEMENT OF OLIGONUCLEOTIDE PRIMERS IN AMPLIFICATION 
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30 

Primer 1 begins at base 650 and primer 11 begins at base 351. 
Example 2 
35 Amplification Target 
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nanomoles of input target. calculated by dividing the nanomoles of product by the 
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Example 3 

The Effect of Primer Concentration on the Amplification of Target DNA. 

5 An incubation mixture of 130 ul contained the following reaction components: 40 mM sodium 
phosphate, pH 7.5, 400 uM each of the four deoxynucleotide triphosphates, 5 mM dithiothreitol, 40 ng of 
Taql -digested M13mpl8 RF (containing 3.5 ng of the Taq*\ fragment to be amplified), and all 20 primers (at 
0.04 OD/ml, 0.4 OD/ml or 0.8 OD/ml) and 15 units of Klenow fragment of DNA polymerase. The mixture was 
left at room temperature for 20 minutes in order to allow the enzyme to cover all of the initiation sites on the 

10 template. The polymerization was then initiated by the addition of Mg ++ , 7 mM final concentration, and the 
tubes were placed in a 45* C bath. After 1 hour an additional 15 units of the enzyme were added, and the 
incubation was continued for another hour. The reaction was stopped with 100 umoles of EDTA, 100 ug 
sonicated calf thymus DNA were added, and the nucleic acids were precipitated with 1.0 ml of cold 10% 
TCA for 60 minutes at 0°C. The mixture was filtered through a glass fiber filter, the filter was washed 3 

75 times with cold 5% TCA, then twice with ethanol, dried and counted in a Beckman liquid scintillation 
counter. 

The specific activity of the nucleotide precursors was 9,687 cpm/nmole. The tagged Taq1 DNA 
fragment contained 0.0106 nmoles of nucleotides. 



Primer Concentration 


Incorporation (cpm) 


Incorporation (nmoles nucleotide) 


Amplification 


0.04 OD/ml 


32,482 


3.35 


316 


0.4OD/mf 


366,260 


37.8 


3566 


0.8 OD/ml 


512,260 


52.88 


4988 
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Example 4 

The Random Priming Activity of the Primers on Calf Thymus DNA. 

To test for the effect of the primers on the background, an assay was performed, as described in the 
preceding example (Example 3 above), in which background was determined with and without primers as 
well as with and without melting of the calf thymus DNA. 

The amplification conditions were the same as in Example 1 except that only 5 ug (15.0 nmoles) calf 
thymus DNA were used as a target. The DNA employed was double stranded or heated at 100° C for 10 
minutes in the presence or absence of primers (0.4 OD/ml each) before being chilled on ice. 
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Melted DNA 
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1.64 
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276,540 


28.54 


1.90 
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556,560 


57.45 


3.83 


45 




+ 




28,432 


2.93 


0.19 



This experiment suggests that the random priming activity of the primers is not substantial, that 
incorporation on double stranded DNA is due to the nicks on the DNA molecules, and that melting abolishes 
to a large extent the priming positions on the irrelevant DNA. 

50 

Example 5 

Amplification of the M13 Fragment in the presence of a large Excess (1500-Fold) of Irrelevant DNA 

55 The amplification conditions were the same as in Example 1 . Primers (0.4 OD/ml), 5 ug calf thymus 
DNA and 40 ng M13mp18 DNA containing 3.5 ng of fragment were employed in this example. 
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The experimental results above show that th« ♦ > 
Example 6 
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Large Fragment 
Small Fragment 



Incorporation cpm 
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262,808 
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46.92 
31.34 



These experimental results show that th« on. 
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The results above demonstrate that synchronization of the reaction is not essential for the amplification 
reaction. 

Example 8 

5 

The Effect of Variations of the Reaction Conditions on the Product Produced by the Procedure of Example 
3 

A reaction was performed according the the reaction conditions of Example 3 in which twenty primers 
/o were added to the reaction mixture as well as the Taq 1 fragments (40 nanograms, i.e., 3.5 nanograms of 
insert that will hybridize with the primers) described in Example 3 with the exception that the buffer was 
altered. In the first lane of the gel shown in Figure 9, the reaction was performed without target DNA added. 
In lane 2 the reaction was performed in a phosphate buffer (0.04 M, pH 7.5). Lane 3 contains the molecular 
weight buffers of Msp I digestion of pBR322 DNA. In the fourth lane the reaction was performed in which 
75 the phosphate buffer was substituted by MOPS buffer at 0.1 M and pH 7.5 (measured 25 *C). It can be 
seen that the reaction in the phosphate buffer produced an agglomeration of DNAs that when dissociated 
by heat or other double helix disrupting agents lead to an number of products of a size smaller than the 
agglomeration structures. The size distribution of the products in the MOPS-buffered reaction corresponds 
to the distances between certain of the oligo primer binding sites. The smallest is approximately 76 
20 nucleotide pairs in size which is approximately the distance between the closest specific oligo primer 
binding sites. 

Example 9 

25 Effect of Various Buffers on the Amplification Reaction. 

The buffer used for the amplification reaction can have significant effects upon the degree of 
amplification. In the following example, phosphate buffer (which was employed in Example 7) was 
compared with the following zwitterion buffers: 
30 4-morpholinoethyl sulfonate (MES), 

4-morpholinopropionyl sulfonate (MOPS), 
N-dimethylaminobutyric acid (DMAB), and 
N-dimethylglycine (DMG). 

Trizma base was used to adjust MES or MOPS to pH 7.5, DMAB to pH 7.8, and DMG to pH 8.6. In the 
35 previous experiments, 4.0 ng of mp18 (containing 3.5 ng of the target fragment) was used as a template. In 
this experiment, the amount of template was reduced ten-fold compared to those experiments (4 ng of 
mp18; 350 pg of target fragment). Other changes in the experimental procedure was the omission of DTT 
and the use of a single addition of 10 units of Klenow polymerase. Mg ++ and dNTP concentrations (7.5 mM 
and 400 uM each dNTP) were as described previously. 
40 As before, reactions were preincubated at room temperature for 30 minutes prior to the addition of the 
Mg ++ . After addition of Mg ++ , reactions were immediately transferred to a 45* C water bath and incubated 
for 4 hours. The reaction was stopped by the addition of 5ul of 500 mM EDTA to give a final concentration 
of approximately 20 mM. 

For evaluation of the extent of polymerization, an aliquot of 40 n\ (out of a 120 u\ incubation mix) was 
45 mixed with 50 ng of sonicated calf thymus DNA and precipitated on ice with 1 ml of 10% TCA. After one 
hour, the precipitate was collected on glass fiber filters, washed 3 times with 5% of cold TCA, 2 times with 
95% ETOH, dried and counted in a liquid scintillation counter. The input was measured by the addition of 
radioactive precursor onto a filter without precipitation with TCA and counted as before. The results are 
given in the table below. As controls, the reactions were also carried out without the addition of any target 
so template. 



55 



21 



EP 0 667 393 A2 



70 



Buffer 



Incorporation From 
Template (in cpm) 



No Template 
Control (in cpm) 



Template-Specific Net Synthe 
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25 Example 10 

probjMtees «, 10 49a| lstete) ^ » «» P"™* **« the use o. a 30 base 
The experimental design was lo us. nu.» TSt ! 10 *" s °Wn region. 

Reasons wrth and without Tag digested mp18 ^^T^^^^ Synthesis with ™*G. 
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T4 DNA ligase. The unamplified DNA will act as the negative control and a PCR-generated amplicon will act 
as the positive control. 

As can be seen in the gel reported in Figure 12, T4 ligase treatment increases the molecular weight of 
the amplified product selectively. This is most apparant in lane 4 of Figure 12, where there is an 
5 appreciable increase in size observed as a result of the completed ligation reaction. 

The positive control with the PCR-generated amplicon (primed by oligos initiating at nucleotide 381 and 
from nucleotide 645 of the template which predicts an amplicon of 264 nucleotides) also show a shift in 
position after ligation (lane 7). Because there was not much DNA included in this reaction, the appearance 
of a spectrum of multimers of the amplicon was not observed, but the loss of material from the position of 
70 the unligated material (lanes 5 and 6) was noted. Some material left at the position of the untreated 
amplicon in lane 7 was also noted. It is possible that this material does not participate in the ligation 
reaction because of the addition of A to the 3' end of the amplicon which is a property of the Taq 
polymerase. 

is Example 12 

Amplification from no n -denatured template 

To explain the high level of amplification in this system, it was assumed that some of the primers might 
20 be able to initiate DNA synthesis by inverting the ends of double-stranded DNA products synthesized 
during amplification. This "breathing" was demonstrated in the following experiment. The template was a 
blunt-ended double-stranded DNA molecule obtained from Dr. Christine L. Brakei, the blunt ends extending 
from bases 371 to 645 in the mp18 DNA sequence. These ends exactly match primers Nos. 1 and 12 
(described in Example 1). In this experiment, no radioactive precursors were used. Analysis was performed 
25 by gel electrophoresis through 2% agarose. Reagent conditions were the same as Example 10 where DMG 
was used as the buffer, but only 2 primers, No. 1 and No. 2 were used and no denaturation of the starting 
template was performed. In Figure 13, for comparison purposes, the same amount of DNA was used as the 
input on the gel (lane 1). In lane 2, no template was added. In lane 3, the complete reaction mix is shown. 
In lane 4, 12 times as much DNA as the template input in either lanes 1 or 3 has been included as a size 
30 marker. In both lanes 2 and 3, some non-specific synthesis can be seen, but the specific copying of the 
template can clearly be distinguished in lane 3. Therefore, as lane 3 indicates, newly synthesized DNA of 
the same size as the input was formed using non-denatured double-stranded DNA, proving that the double- 
stranded blunt ends can serve as initiation points for replication. 

35 Example 13 

Amplication from RNA template 

Although it has been demonstrated by the present invention that DNA can be amplified, it would be 
40 useful, however, to also be able to employ RNA as a potential template. Accordingly, the double-stranded 
DNA molecule used in Example 12 was ligated into the Sma I site of a vector plBI31 (obtained from 
International Biotechnology Corp) that contains a promotor for T7 RNA polymerase. Using standard 
methodologies, an RNA transcript was synthesized encompassing the same sequences used in example 
12. This transcript was amplified using standard conditions with all 20 primers in DMG buffer. Taq digested 
45 mp18 DNA was used as a control. As seen in Figure 14 there was extensive synthesis. There are 
characteristic bands that appear in lane 4, the reaction with the RNA template, as well as in lane 2, the 
reaction with the DNA template that do not appear in the template independent synthesis seen in lanes 1 
and 5. 

This demonstrates that the system is capable of utilizing the RNA transcript as a template without the 
so introduction of any other enzyme besides the Kienow, thus proving that the Klenow enzyme can be used as 
a reverse transcriptase as indicated in the disclosure. This result was studied further by making a Southern 
blot of the gel seen in Figure 14 and probing with nick-translated biotinylated mp18 DNA using a nick 
translation kit obtained from Enzo Biochem, Inc. As seen in Figure 15, there was little or no hybridization of 
the probe to the reaction product of the template independent reactions (lanes 1 and 5) whereas extensive 
55 hybridization was observed with the RNA derived reaction (lane 4) as well as the DNA template derived 
reaction (lane 2), as expected. 
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gjgg^gg^^ Oligonucleotide 



hybridan was 1:2. {F T*l ZZ«2 n ToTo iTTv T ^ ^ " RC: F1 *» ^ 
Hybridization was performed in 1X SSC for two hours at 45^ C * C ° nCentration of 02 S O.D./ml.) 

1:1. 2:1, 3:1 and 4:t. (The 1:1 reaction contei ned 0 0325 0 n ^Tl^ * *" untabelad F1C was 
of F1C.) At the end of the incubation pZ nn^ L^ I E ' ° ° 65 ° D ' ° f F1 and 0 0325 
mixture for 5 minutes at room tamp^^^^J^ ^ wHh 5 ° U ' °' dia20nium 

solution, (50 mM in 1M HCI), wa adde tc loTutof ?, ^kT* 6, 10 ul of < he dia *°nium stock 
Prepared fresh). The diazonium stock solution L^ a ^ , ? ,, ' 0n ^ 0 X SSC and 02 M «<HC0,. 

-^^oKSsr trs 'isirrrr r ciated with the «" 

published on July 1, 1992, based on prioSy dZment I s 5 15 T N °' ° 492 570 

on December 24, 1990, the contents of lc TarT income . Cat '° n ^ N °' 07/633 ' 730 ' ,i,ed 
destroy the fluorescence associated with 2 mlmZ IT ^ f But the diazonium wi » n <* 
The survival of the ethidium, under these reason cTnln ' ntercalated into th * double stranded DIM A. 
double helix by the ethidium-labe e TotZ^ZZ s T"' V T**"* " the 0f ,ormatio " « a 
containing strand by that of the ethWumK2S^^T^^ displacemen ' of the non-ethidium 
primers can be usefully employed to tacilitete li'JtS, ° ' abeled oli 9<™cleotides by 

seen in the figure in Figure 17 "the ISSS^S^SSZlT" °" ^ * anded t6mplates - 
43 • C than at 37- C. ' 9 ° d,s P |aces the non-ethidium-labeled oligo better at 
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Example 16 

^^^^^ 

This nucleotide is complementary to the ATG strand i 
base sequence for use in restriction enzyme le^X ? ' \ 9ene ° f ' B ' 31 ' and also contai "* a 10- 
overlapping the T7 promoter in the I T 3 pi 2?S^^T^*J^ *° ^ S6quences 
wfro transcription by T7 RNA polymerase eZ hounh th! 9ht b& 6Xpected 10 in,erfere with in 

the start of transcription by ^ m 6ntirely Upstream ° f 

T3 promoters, this also means that the S^i^Z^i ST C ° nStmCtS COnMn ° PP0Sing T7 and 
T3 RNA polymerase in vitro t,Ca ' se W enc <> to the RNA that is made by the 

Figure ,8 which cenalne the am. , SS* ?T 1,1 const "" : • (PBSIIMCV) was MuaiM. See 
_ « ,hese pfesn , las „ eJTCT^',*^ = - 
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different target template serves to partially control for the possible non-specific inhibitory effects of ethidium 
groups on the RNA polymerases because the oligonucleotide would be expected to inhibit transcription 
from any template containing an appropriate promotor regardless of the "split" if the effect were due to the 
oligo's interaction with the polymerase rather than with the template. 

At a concentration of 60-fold excess of oligonucleotide (0.6uM final) over plasmid with either the 
allylamine labeled oligonucleotide of the ethidium labeled oligonucleotide in a transcription reaction mixture, 
the following results were obtained: 



Plasmid Transcribed 


Polymerase Used 


Oligo Used 


nanomoles 
Incorporated 


% of control 


pIBI 31-BH5-2 


T3 


None 


236 


100 


pIBI 31-BH5-2 


T3 


Allylamine labeled 


233 


99 


pIBI 31-BH5-2 


T3 


Ethidium labeled 


87 


37 


pIBI 31-BH5-2 


T7 


None 


208 


100 


pIBI 31-BH5-2 


T7 


Allylamine labeled 


198 


95 


pIBI 31BH-5-2 


T7 


Ethidium labeled 


3 


1.4 


pBSII/HCV 


T3 


None 


112 


100 


pBSII/HCV 


T3 


Allylamine labeled 


158 


>100 


pBSII/HCV 


T3 


Ethidium labeled 


185 


>100 


pBSII/HCV 


T7 


None 


125 


100 


pBSII/HCV 


T7 


Allylamine labeled 


154 


>100 


pBSII/HCV 


T7 


Ethidium labeled 


62 


50 



These results indicate that the ethidium-modified oligo sequence is capable of specifically inhibiting 
transcription by the T7 polymerase from the T7 promotor region provided that the promoter region is not 
interrupted by the multiple cloning region and inserted DNA. Thus, the effect is dependent on the template 
DNA and is not merely the result of inhibition of the T7 polymerase by the ethidium groups. 

Many obvious variations will be suggested to those of ordinary skill in the art in light of the above 
detailed description of the invention. All such variations are fully embraced by the scope and spirit of the 
present invention as set forth in the claims which follow. 

Claims 

1. An in vitro process for producing more than one copy of a specific nucleic acid, said process being 
independent of a requirement for the introduction of an intermediate structure for the production of said 
specific nucleic acid, said process comprising the steps of: 

(a) providing a nucleic acid sample containing or suspected of containing the sequence of said 
specific nucleic acid; 

(b) contacting said sample with a mixture comprising: 

(i) nucleic acid precursors, 

(ii) one or more specific nucleic acid primers each of which is complementary to a distinct 
sequence of said specific nucleic acid, and 

(iii) an effective amount of a nucleic acid producing catalyst; and 

(c) allowing said mixture to react under isostatic conditions of temperature, buffer and ionic strength, 
thereby producing more than one copy of said specific nucleic acid. 

2. An in vitro process for producing more than one copy of a specific nucleic acid, said products being 
substantially free of any primer-coded sequences, said process comprising the steps of: 

(a) providing a nucleic acid sample containing or suspected of containing the sequence of said 
specific nucleic acid; 

(b) contacting said sample with a mixture comprising: 

(i) nucleic acid precursors, 

(ii) one or more specific polynucleotide primers comprising at least one ribonucleic acid segment 
each of which primer is substantially complementary to a distinct sequence of said specific 
nucleic acid, and 

(iii) an effective amount of a nucleic acid producing catalyst; and 



25 



EP 0 667 393 A2 



20 



25 



man m cop, ot sard spjfc ^iJc add ^ Pn "" n!! •""»«»• « Producing 
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Figure 1 (A-F) 

Construct Forms Comprising at Least one Single-Stranded 

Region 



27 



EP 0 667 393 A2 




Figure 2 (A-F) 
Functional Forms of the Construct 
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(A) 




RNA 
Pol'ase 



Cognate Product 
Promoter Sequence 



(B) 




RNA 
Pol'ase 



Cognate RNA Pol'ase Product 
Promoter Sequence 



(C) 




First Second RNA Second Product 
Promotor Pol'ase Promotor Sequence 



Figure 3 (A-C) 



Three Constructs with an RNA Polymerase' 
Covalently Attached to a Transcribing Cassette 
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First RNA 
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Figure 4 (A-C) 



Three Constructs with Promoters 
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Ml3mp18. Seq Length: 7250 



1 . 


AATGCTACTA 


CTATTAGTAG 


MTTGATGCC 


ACCTT7TCAG 


CTOQOQjCOC 


51. 


AMTGAAAAT 


ATAGCTAAAC 


AGGTTATTGA 


CCATTTGCGA 


MTGTATCTA 


101 . 


ATGGTCAAAC 


TAAATCTACT 




ATTGGGAATC 


AACTGTTACA 


151 . 


TGGMTGAM 


CTFCCAGACA 


COGTACTTTA 


GTTGCATATT 


TAAAACATGT 


201 


TGflGCTfiCAG 


CACCACATPO 


AGCMTTAAG 


CTCTAAGCCA 


TDDQ^AAAAA 


251 


TGACCTCTTA 


TCAAAAG3AG 


CMTTAAAGG 


TACTCTCTAA 


JCCTG^CCTG 


301. 


TTGGAG1TTG 


CTTCCG3TCT 


GGTTCGCTTT 


GAACCVOGAA 


TTAAAACGCG 


351, 


ATATTTGAAG 


ICi IIUGGGU 


TTCCTCTTM 


TCI I I I I GAT 


QGAATOCGCT 


401. 


TTGUIIUGA 


CTATAATAGT 


CAGGGTAAAG 


ACCTGATTTT 


TGATTTATGG 


451 . 


TCATTCTCGT 


TTTCTGAACT 


GTTTAAAGCA 


TTTG^GGQGG 


ATTCAATGAA 


501 . 


TATTTATGAC 


GATTOGGG^G 


TATTOGACGC 


TATTX^GTCT 


AAACAI I I l A 


551 . 


CTATTACCCC 


CTCTGGCAM 


ACTTCI I I IG 


CAAAAQCCTC 


TCGCTATTTT 


601 . 


GGI i I I IATC 


GTCG7UTGGT 


AAADG^GGGT 


TATGATAGTG 


TTGCTCTTAC 


651 . 


TATGCXJTCGT 


AATTCCI I I I 


GGCGTTA7GT 


ATCTGCATTA 


GTTGAATGTG 


701. 


GTATTCCTM 


ATCTCAACTG 


ATGAATCTTT 


CTACCTGTM 


TMTGTTGTT 


751. 


CCGTT/OTC 


Gl i I IATTAA 


CGTAGAI i I I 


TCIICCCAAC 


GTCCTG^CIG 


801 . 


GTATAATG^G 


CCAGTTCTTA 


AAATCGCATA 


AGGTMTTCA 


CAATGATTM 


851. 


AGTTGAAATT 


AAACCATCTC 


AAGCCGAATT 


TACTACTCGT 


TCTGGTGTTC 


901 . 




AAGCTTATT 


CACTGAATGA 


GGflGCIIlGI" 


TACGTTGATT 


951 . 


TGGGTMTGA 


ATATCCGGTT 


CIIGIOG<W3 


ATTACTCTTG 


ATGAAGGTCA 


1001 


QOCAOXTAT 


QUiJUlUG'IC 


TGTA^OCGT 


TCATCTGTCC 


IC! I iCAAAG 


1051 


TTGGTGAGTT 


CGGitoucrr 


ATGATTGflCC 


GTUTGCGOCT 


CGII(XGGCT 


1101 


AAGTAACATG 


G^GG^GGTOG 


CGGAIIIUGA 


CACAATTTAT 


O^GGOGATGA 


1151 


TACAAATCTC 


CGTTGTACCIT IGl I iCGCGC 


TTGGTATMT 


CQCTGGGGGT 


1201 




TGTTTTAGTG 


TAIiCIIICG 


CCICIilCGT 


TTTAjGGTTGG 



Figure 5 



M13mp18 Nucleic Acid Sequence 
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1251 TGCCTTCGTA GTQGCWWC GTATTTTACC G3TTTAATGG AAACTTCCTC 
1301 ATGAAAAAGT CTTTAGTCCT CAAAGCCTCT GfTAQCCGTTG CTACCCTCGT 
1351 TCCGATGCTG TCTTTCGCTG CTGAGGGTGA CGATDXG2A AAA30G3CCT 
1401 TTAACTCCCT GOWSCCTC^ G0GAC03AAT ATATCGGTTA Trrairrere 
1451 ATGGTTGTTG TCATTGTCGG CGCAACTATC GGTATCAAGC TGTTTAAGAA 
1501 A7TCACCTCG AAAGCAAGCT GATAAACCGA TAGAATTAAA GGCTCCTTTT 
1551 GGAGCCTTTT TTTTTGGAGA TTTTCAACGT GAAAAAATTA TTATTCGCAA 
1501 TTCCTiTAGT TGTTCC1TTC TATTCTCACT CCGCTGAAAC TGTTGAAAGT 
1651 TGTTTAGCAA AAOCCCATAC AGAAAATTCA TTTACTAAOG TCTGGAAAGA 
1701 OGAOWSACT TTAGATCGTT ACGCTAACTA TGAQGGTTGT CTGTG3AATG 
1751 CTACAGGOGT TGTAGTTTGT ACTG3TGACS AAACTCAGTG TTACGGTACA 
1801 TGGGTTOCTA TTGGGCTTGC TATCCCTGAA MTGAGGGTC GTGGCTCTGA 
1851 GQGTQGOGGT TCTGAQGGTG GCGGTTCTGA Q3G7G30GGT ACTAAACCTC 
1901 CIGAGTACGG TGATACACCT ATTOOGGGCT ATACTTATAT GAACCCTCTC 
1951 GAOGGCACTT ATCCGCCTGG TACTGAGGAA AACCCGCTA ATCCTAATCC 
2001 TTCTCTTGAG GAGTUlCflGC CTCTTAATAC TTTCATGTTT CAGAATAATA 
2051 GGTTCCGAAA GCATTAACTG TTTATAGGGC C^CTGTTACT 

2101 CAAGGCACTG ACXXEGTTM AACTTATTAC GAGTACACTC CTG7ATCATC 
215 1 AAAAGCGATG TATGACGCTT ACTGGAACGG TAAATTCAGA G^CTXGCTT 
220 1 CAAGGCACTG ACCCCGTTM AACTTATTAC CAGTACACTC CTGTATCATC 
215 1 AAAAGCGATG TGCCTCAACC TCCTGTCAAT GCTGGCG3CG GCiCTGGTGG 
2201 TCCATTCTGG CTTTAATCAA G^TCCATTCG TTTGTGAATA TCAA33CCAA 
2251 TCGTCTGACC TGCCTCAACC TCCTGTCAAT GCIGGCG3CG GCTCTG5TG3 
230 1 TGGTTCTGGT Q3CGGCTCTG AGGGTGGTGG CTCTGAGGGT QGCGGTTCTG 
2351 AGGGTG32G3 CTCTGAGG3A GGCGGTRXG GTGGTG3CTC TGGTTCOGGT 
2401 GATTTTGATT ATGAAAAGAT G3CAAACGCT AATAAG3GGG CTATGCCGA 
2451 AAATGCCGAT GAAAACGCGC TACAGTCTGA CGCTAAAGGC AAACTTGATT 

Figure 5 

M13mp18 Nucleic Acid Sequence 
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250 1 


C'lGTOGCIAC 


TGATTACGGT 


GCTGCTATCG 


ATGGTTTCAT 


TQGTG^CGTT 


255 1 


lUUCJUUUIIU 


CTMTGGTAA 


TGGTDCTACT 


GGTGMTT7G 


CTGGCTCTM 


260 1 


T7DXAAATC 


QCTCA^GTCG 


GTG^OGGTGA 


TMTTCACCT 


TTAATGAATA 


265 1 


ATTTCCGTCA 


ATATTTACCT 




MTCGGTTG^ 


ATGICOXXJI 


2701 


TTTGTCTTTA 


GCQCTC3GTM 


ACCATATGAA 


"I 11 ICIATTG 


Al IGIGACAA 


275 1 


AATAAACTTA 


TTOCGTGGTG 


TCTTTGCGTT 


TUI II IATAT 


GJJGOCACCT 


0 fl 0 1 

C. Q \J \ 


l Inlulnlul 






TATTfYYVTAA 




2851 


TTATCATGCC 


AGTTCIIi IG 


GGTATTCCGT 


TATTATTGCG 


TTTCCTCGGT 


2901 


TTCXJi IUIGG 


TAACTTTGTT 


CGGCTTATCTG 


CTTACTTTTC 


TTAWAGGG 


2951 




ATAGCTATTG 


CTATTTCATT 


GTTTCTTGCT 


CTTATTATTG 


3001 


GGCTTMCTC 


AATTCTTGTG 


GGTTATCTCT 


CTGATATTAG 


CGCTCMTTA 


305 1 




IIGIICAGGG 


TGTTCAGTTA 


AiTUUXGT 


CTMTOOGCT 


3101 


TCCCIGI 1 1 1 


TATGTTATTC 


TCTCTGTAM 


GGCTGCTATT 


TTCAI 1 1 1 IG 


3151 


ACGTTAAACA 


AAAAATCGTT 


TCTTATTTGG 


ATTGGGMAA 


ATMTATGGC 


320 1 


TGTTTA1 1 1 I 


GTA£CW33£A 


MTTAGGCTC 




CTUJTTA3CG 


325 1 


TTGGTAAGAT 


TCACGATAAA 


AIIGIAGCTG 


GGTGCAAAAT 


AQCAACTAAT 


3301 


CTTGATTTM 


GGCTTWM 


OCTXCQCM 


GtUUUGflQGT 


TCGCTAA^C 


3351 


GCXJICGOGTT 


. CTTAGWTAC 


CGGMAAGX 


TTCTATATCT 


GATTTGCTTG 


3401 


CTATTGQGCG 


CGGTAATGAT 


TCCTACGAATG 


AAAATAAAAA 


CGGCTTGCTT 


3451 


GHTCTGGATG 


/^GTGCGGTAC 


TTGGTTTAAT 


ACCCGTTC1T 


GGAATGMM 


3501 




CCGATTATTG 


ATTGGTTTCT 


ACTOCTCGT 


AAATTAGGAT 


3551 


GGGATATTAT 


1 1 i 101 IGTT 


CA03ACTTAT 


CTATTGTTG^ 




3601 


CGIICJ1GOM 


TAGCTGVCA 


TGTTGTTTAT 


lUKJGlOLitL; 




3651 


TACI i iacct 


TTTGTD3GTA 


CTTTATATTC 


TCTTATTACT 


GGJTDGWA 


3701 


toxiuiulxj 


TAAATTACAT 


GlTGGJGn'G 


TTAMTATGG 


OGATTCTCM 


3751 


TTAAGCCCTA 


CTGTTG^GCG 


TTGGCTTTAT 


ACTOGTA^ 


ATTTGTATAA 


3801 


CGCATATGAT 


ACTAAACAG3 


CliillClAG 


TAATTATGAT 


TCCGGIG1 1 1 



Figure 5 



M13mp18 Nucleic Acid Sequence 
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3851 


I ATTCTTAT7T 


AACGCCTTA7 


TTATCACACG 


GTCGGTATTT 


GAAACCATTA 


3901 


MTTTAQGTC 


AGAACATCAA 


ATTAACTAAA 


ATAATATTGA 


AAAAGTTTTC 


3951 


TOGCGTTCTT 


7GTCTTG0G\ 


TTGGATTTGC 


ATG^GCATTT 


ACATATAGTT 


4001 


ATATAACCCA 


AOCTAAGCCG 


GAGGTTAAAA 


AGGTA65ICIC 


TCAGACCTAT 


4051 


GATTTTGATA 


AATTCACTAT 


TGACTCTTCT 


CAGCGICI iA 


ATCTAAGCTA 


4101 


TCGCTATGTT 


TTGAAGGATT 


CTAA033AAA 


ATTAATTAAT 


AGCGACGATT 


4151 


TACACAACCA 


AGGTTATTCA 


CTCACATATA 


TTGATTTATG 


TACTGTTTCC 


4201 


ATTAWAAG 


GTAATTCAAA 


TGAAATTGTT 


AAATGTAATT 


AAI I I IGTTT 


4251 


TCTTGATGTT 


TGTTTCATCA 


TCilUillG 


CTOGGTAAT 


TGAAATGAAT 


4301 


MTTCGCCTC 


TGCGCGATTT 


TGTAACTTGG 


TATTCAAAGC 


AATCAGQOGA 


4351 


MTCCGTTATT GTTTCTCCOG 


ATGTAAAACG 


TACTG7TACT 


GTATATTCAT 


4401 


CTGACGTTM 


ACCTGAAW 


CTACGCMTT 


TCI I iATTTC 


TGiiliACGT 


4451 


GCTMTMTT 


TTGMMTGGT TGGTTCAATT 


CTTTCCATM 


T7CAGAAGTA 


4501 


TMTCCAAAC 


AATCAGGATT 


ATATTGATGA 


ATTGCCATGA 


TCTGATAATC 


4551 


AGGWATGA 


TGATAATTCC 


GCTOEJIICIG 


GTGGi I fCI I 


TGTTOOGGAA 


4601 


AATG4TAATG 


TTACTGAAAC 


I I I IAAAATT 


MTAACGTTC 




4651 


TTTAATACGA 


GTTUIUGAAT 


TGTTTGTAAA 


GTCTMTACT 


TCTAMTCCT 


4701 


CAMTGTATT 


ATCTATTG^C 


GGCTCTMTC 


TATTAGTTGT 


TAGTGCTCCT 


4751 


AAAGATATTT 


TAGATAACCT 


TCCTCAATTC 


CTTTCTACTG 


TTGATTTGCC 


4801 


AACTGACCAG 


ATATTGATTG 


AQGGTITGM 


ATTTGAGGTT 


CAGCAAGZtG 


4851 


ATGCTTTAGA 


ill! I CATTT 


GCTGCTG3CT 


CTO^GOGTGG 


CACIGTK30A 


4901 


GGOQGTGTIA 


ATACTG4COG 


CCTCACCIUT 


Gl I i IATCTT 


CTGCTGGTGG 


4 95 1 


TTCGTTCGGT 


AiliiiMTG 


GCGATGTTTT 


A3GQCTATCA 


GITOQCQCAT 


5001 


TAAAG^CTM 


TAGCCATTCA 


AAAATATTGT 


CTGfGCC^OG 


TATTCTTACG 


5051 


UIILAGGTC 


AGAAOCGUC 


TATCTCTGTT 


GGOGflGAATG 


TCCGI I I lAT 


5101 


TAAAGACTAA 


TAGCCATTCA 


AAMTATTGT 


Clule£XX]G 


TATTCTTACG 


5151 


CGfiJl&CCQ 


TCAAAATGTA 


GGTATTTCCA 


TGAGCGITI I 


TCCTGTIGCA 
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5201 


A7G33TQGOG • 


GTAATATTGT 


TCTGGATATT 




CCGATAGTTT 


5251 


G^ricrcT 


PCTCPGGCAA 


GTGATGTTAT 


TACTAATCAA 


ACAAGTATTG 


5301 


CTACA40GGT 


TAATTTGCGT 


G\1G3£CACA 


CTCTTTTACT 


CJGGTGGXTC 


5351 


ACTGATTATA 


AAAACACTTC 


TCAAGATTCT 




TCCTGTCTM 


5401 


AATCCCTTTA 


ATOQQXTCC 


TGTTTA3CTC 


CCG^rUTG^T 




5451 


AAAGCACGTT 


ATACGTQCTC 


GTCWGCM 


(XATASTACG 


OG0CCTGTA3 


5501 


CQGOGCATTA 




G[GTGGTO3T 




GTC^CCGCTA 


5551 


CAJFTGCO^ 




CCCGCTCCTT 


TCGCTTTCTT 


CCX7ITCCTTT 


5601 


CTOQCXXUT 


TDQCOGGCTT 


TOCCCGTCM 


GCTCTAAATC 




5651 


TTTA3QGTTC 


cGMTT/vrrc 


CTTTACGGCA 




AWAACTTG 


5701 


AT7TOGGTCA 


7GGTTOV33T 


ASTGGXCAT 


CG30CTGATA 


GNCGGIIIil 


5751 


CGCUJIIILA 




CACGDCIM 


MTAGTGG^C 


TCTTGTTCCA 


5801 


AACTTQGA^CA 


ACACTCAACC 


CTATCTCGGG 


CTATTCI 1 1 I 


GATTTATAAG 


5851 


QGATTTTGOC 


GATTKX33AA 


CC^CCATCM 


ACAGGATTTT 


OG3CTGCTOG 


5901 




CGTQ^OCQ3 




IUC(C*GGG 


OCXJU0GGTG 


595 1 


A^GGGCMTC 


/ftOJIGriUCC 


OGicicocra 


GVGAAAACAA 


AAAOCACCCT 


6001 






CUIUTDXCG 


CGGGIIGGOC 


GATTCATTAA 


605 1 


TGCXCTGGC 


ACGfl&CGTT 


TOCOG^CTGG 






6101 


CGCMTTMT 




TCACTCATTA 


GGG^OOCC^G 


GCTTTACACT 


6151 


TTATGCI ICC 




1 1 O t 0 1 Ut-^lH 


1 1 r^iT^/^TTT^ 

1 to lL^-<Jk>kX3 


ATAACAATTT 


6201 


OOG*GGAA 


AOV3CTATGA 


CCATGATTAC 


GAATTCGrGC 


7CGGTAO00G 


625 1 


QCGMUCICT 




TOC^GGCOTB 


GVV3CTTGGC 


/^CToGOCGTC 


6301 


GTTTTACAAC 


GTOGTCfACTG 


G3AAAAXCT 


GGCGTTAXC 


AACTTAATCG 


6351 


CCTTGG^A 


CMTCOXTT 




GCGTMTA3C 


GVG^GGOOC 


6401 


GC*CCG<\TO3 


cccttoxm 




GXTGM7GG 




6451 


TTTQCCT3GT 


TTrmx^oc 


/^GVGCGGTG 


COGGWQCT 


GGCHGG^GIG 


6501 


CGATCTTCGT 


G^BQXGATA 


UJGIUGTUJGT 


CCCCICAAAC 


IGGC^GAIGC 



Figure 5 
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6551 


AOaGTTACGA 


TQ33CCQ\TC 


TACACCAACG 


TAACCTATCC 


CATTACGGTC 


6601 


MTCEGOCGT 


TTGTTDJCAC 


GG^GAATCOG 




ACTIu3CTGaC 


6651 


ATTTAATGTT 


GA7GAAAGCT 


GGCTAGAGGA 


a i^i ri i~> a ^»-* A *****w" \ 

A3QCX3 a G°OG 


AAA A T T A T FT* 

CGAATTATTT 


6701 


TTGATGGCGT 


TCCTATTGGT 


TAAAAAATGA 


QCTC^VnTM 


***\A AAA A '^T'T" A 

CAAAAATTTA 


6751 


ACGCGAATTT 


TAACAAAATA 


TTAACGTTTA 


CAATTTAAAT 


ATTTGCTTAT 


6801 


ACMTCTTCC 


TGI 1 1 1 IQGG 


GUI 1 1 ICIGA 


TTATCAACCG 


GGGTACATAT 


6851 


GATTGACATG 


CTAGIIIIAC 


GATTACCGTT 


CATCGATTCT 


CTTGTTTGCT 


6901 


(xngaciuiu 


AG3CAATGAC 


CTCATAGCCT 


TTGTAGATCT 


CTCAAAAATA 


6951 


GCTACCCTCT 


CCGGGATGAA 


TiTATCAGCT 


AGAACGGTTG 


AATATCATAT 


7001 


TCATCGTGAT 


TTGACTGTCT 


CCGGOJI 1 IC 


TCACCUIIII 


GMTCTTTAC 


7051 


CTACACATTA 


CTCAGGGATT 


GCAT7TAAM 


TATATGAGQG 


TTCTAAAAAT 


7101 


IIIIATCCTT 


GCGTTGAMT 


AAAGGCI IUI 


CO0GCAA4AS 


TATTACAGGG 


7151 


TCATMTGTT 


TTTGGTACAA 


CTGATTTAGC 


TTTATGCTCT 


GAGGCTTTAT 



Figure 5 



M13mp18 Nucleic Acid Sequence 
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COMPLEMENTARY TO M13 



POSITION 
645 


5' * 3' 

* 


POSITION 
fill 


IVI 1 1 


6 1 5 


ACGtfC^TAAAAACC 


6 0 1 


M 1 3/2 


5 8 5 


• * 


C7 1 

\J / 1 




555 


AATAnTAAAATCTTT 


C4 1 

3 *T 1 


M i 0/4 


525 


CMTACTOCGGWG 
* * 


51 1 


M -j 3/5 


495 


TGMTCOCOCTTCAM 


481 


M13/6 


465 


AGAAAACGflGWGA 

• * 


451 


M13/7 


435 


CAGGTCTTTACCCTG 

« 


421 


M13/8 


405 


AQGAA^VXQGOTGC 


391 


M 13/9 


375 




36 1 


M 1 3/1 0 




COMPLEMENTARY TO SS PHAGE DNA 




POSITION 
35 1 


5' 3* 

ATATTTGAAGTCTTT 
♦ * 


POSITION 
366 


M 1 0/ 1 1 


0 1 \ 


TCI 1 1 1 IGATGCAAT 

• • 


386 


11 1 3' ' ^ 




CTATAATACTCAQQG 

* * 


406 


IV 1 j/ * 0 


4 1 1 


TGATTTATGGTCATT 

♦ * 


426 




431 


GTTTAAAGCATTTGA 

* « 


446 


M 13/15 


451 


TATTTATGACGATTC 

• * 


466 


M13/I6 


471 


TATCGAGTCTAAACA 
♦ ♦ 


486 


M 13/1 7 


491 


CTCTGQCAAAACTTC 

* * 


506 


M13/I8 


511 


TCGCTATTTTGGTTT 


526 


M 13/1 9 


531 


AA/CG^GGGnATGA 


546 


M 13/2 0 



Figure 6 

Primers for Nucleic Acid Production 
Derived from M13mp18 Sequence 
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Figure 7 



Appropriate M13mp18 Restriction Sites 
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Lane 1: from calf thymus + Taq digested mp18 amplification reaction 
Lane 2: from Taq digested mp18 amplification reaction 
Lane 3: from calf thymus amplification reaction 
Lane 4: 0X174 Hinfl size marker 



Figure 8 
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Lane 1: no template 

Lane 2: mpl8 template, phosphate buffer 
Lane 3: Mspl/pBR322 size marker 
Lane 4: mp18 template, MOPS buffer 



Figure 9 
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Top= (+) Template 
Bottom= (-) Template 

Lane 1: phosphate buffer 
Lane 2: MES 
Lane 3: MOPS 
Lane 4: DMAB 
Lane 5: DMG 

Lane 6: pBR322/Mspl size marker 



Figure 10 



41 



EP 0 667 393 A2 




Lane 1 : DMAB buffer, no template 
Lane 2: DMAB buffer, mp18 template 
Lane 3: DMG buffer, no template 

Lane 4: DMG buffer, mp1 8 template 
Lane 5: No reaction 

Lane6:200ngTaqldigestedm P 18 
size marker/positive control 



Figure 11 
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First Time Interval Second Time Interval 



Agarose Gel Analysis 

Lane 1: lambda Hind III marker 

Lane 2: Amp/Untreated 

Lane 3: Amp/Kinased 

Lane 4: Amp/Kinased/Ligated 

Lane 5: PCR/Untreated 

Lane 6: PCR/Kinased 

Lane 7: PCR/Kinased/Ligated 

Lane 8: 0X174/Hinf1 marker 



Figure 12 
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Figure 13 
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Lane 1 : Primers alone 

Lane 2: Primers + taq digested M13 DNA 

Lane 3: Molecular weight markers 

Lane 4: Primers + RNA 

Lane 5: Primers alone 

Lane 6: M13 digested DNA 

Buffer was dimethyl amino glycine, pH 8.6 



Figure 14 
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1 2 34 5 6 



.11. j» ' r — » 



Lane 1: Primers alone 

Lane 2: Primers + taq digested M13 DNA 

Lane 3: Molecular weight markers 

Lane 4: Primers + RNA 

Lane 5: Primers alone 

Lane 6: M13 digested DNA 

Buffer was dimethyl amino glycine, pH 8.6 



Figure 15 
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Figure 16 



47 



EP 0 667 393 A2 



'10 



if I0 :: 



30 



20 



10 



0 



"T 



T'TT 



ft 



4:1 



'. / 1 1". /» 



i 



II V '■' < 



3: 1 



1:1 



DISPLACEMENT AT 37 C OUERMIGIIT 



580 



&Z0 

Wave length (nm) 



CONTROL 



V U 



640 



Figure 17 
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pIBI 31-BH5-2 

fmetAUGof Lac z {T7 Promoter region— 

LACPROMOTOR..ATG ACC ATG ATT ACG CCA GAT ATC AAA TTA ATA CGA CTC ACT ATA 

oiigo 50-mer 3'- tac t*aa t*gc ggt* ct*a fag t'Vt.aat* tat* get* gag t*ga Tat* c-5' 

10 base insert 

T7 RNA Start {«« T3 Promotor Region ) 
IGGG CTC ICCT TTA GTG ACG GTT AAT 
*-■»»} «- T3 Start Signal 



pIBI 31 BSII/HCV 

fmel AUG of Lac z (T3 Promotor region -»} T3 RNA Start 
LAC PROMOTOR .ATG ACC ATG ATT ACG CCA AGC TCG AAA TTA ACC CTC ACT AAA /GGG 
oligo 50-mer 3'- tac t'aa t*ac faa t*gc ggt* t*V--10 base insert- 

{«- T7 Promotor Region } 

MULTIPLE CLONING SITE + 390 BASE INSERT CTA /TAG TGA GTC CGT ATT AAT.... 

«- T7 Start Signal 

5'-cfa Tag fga gfc gt*a U*a at* 



Figure 18 
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